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How did | find modeling?

Seney National Wildlife Refuge, MI
-Big landscape

-Management

-Field surveys and experiments

B.S. at Colorado State
-Wildlife Biology
-Statistics (minor)

WARNER COLLEGE OF}
i Natural Resources}

Colorado State University

Earth, Environment & Society
Doctoral Program, PSU
-Boreal forests in Alaska
-Big landscape
-Climate change & wildfire
-Modeling

M.S. at Ohio State University
-Forest/wildlife management
-Fire as an ecological
restoration tool

% Missouri Botanical Garden
) -Databases
-Ex-situ species conservation




Outline of Today’s Seminar

» Modeling
» LANDIS-II

» Alaska example




Purpose of Models

A model is a representation of a system or process

» To provide a framework for data and organizing ideas
» To explore real or hypothetical scenarios
» To make predictions; extrapolate across scales or time




What can we do with models?

» We can answer big questions!
» Processes
» Potential futures
» We could have a “no analog” future
» Management

» Scenario Planning

» We can conduct experiments (with
replicates!) at large scales that we wouldn’t
be able to otherwise

» We can compare across many conditions,
and manipulation of these conditions




Types of models

Analytical models

» Have a closed-form mathematical
solutions

» Changes in a system can be
expressed as a mathematical
function
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Initial value of population
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Simulation models

» Use mathematical and logical
operations to represent the structure
and behavior or a system

Lack a closed-form solution
Often complex

Dynamic- the system or phenomenon
may change through time.
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Common types of vegetation
simulation models

* Dynamic Global Vegetation Model (DGVM)

e State-and-Transition Model

* Landscape Model



Dynamic Global Vegetation Models et e ks e conemines U5 i

Used to simulate effects of
climate change on vegetation,
carbon and water cycles

Large scales

Captures feedbacks from
vegetation change/disturbance
to the atmosphere

Questions can include:
» Response of veg to CC

» Estimate changes in carbon
pools/fluxes

. .
land use and variable fire regimes

DOMINIQUE BACHELET . KEN FERSCUWEILER . TIMOTIY L. SHEEHAN'.
HENJAMIN M. SLENTER? and ZUHILIANG Z80°
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Fig. 4 Simulated change in ecosystem carbon density (kg C m™2) from historical conditions (2001-2005 average) to mid-century (2041—
2060 average) under 3 emission scenarios (AlB, AZ and B1) averaged across three CCMWs (MIROC, CSIRO and CGCW3).

http://onlinelibrary.wiley.



State-and-Transition Models

» User defines the developmental states
(boxes) and pathways (arrows) between SHEVBSTEPRE STATE
them S | shrub/
) Brass jmm——3 s JUNIPER WOODLAND STATE
» growth, disturbance, management, etc o é G §
G RI l—l-—l 16 R | J 3 phase || > phase lll
R X 2 I G,R
» The states and pathways are semi- | [ semi- | g [ depleted ET =& _I. _________
prec(i:leltermmed before running the degraded || degraded [ shrub ohasell |s [ phase
moae grass grass / semi- f=»| semi-
1‘ LD Shl'“b - degraded degraded
7
» Not species-level G,D, Fl TR FT 6D F| [TR
TR A 4
. . EXOTIC GRASS STATE JUNIPER / EXOTIC GRASS
» Can model shifts to a wide range of =y J STATE
: exotic | S_| exoticgrass
vegetation types GRASS [ || grass 1 7sh 4 [——=——{ [[phase 1 |_s, [ phase i
STATE ' exotic exotic
f FI,D
» Can easily test alternative hypotheses

about veg dynamics or management
strategies

https://www.fs.fed.us/pnw/pubs



(Forest) Landscape Models
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LANDIS-II
LANDscape DISturbance and Succession

The LANDIS family of forest landscape models have been
around for > 30 years.

LANDIS-II is > 20 years old.

Open source!

www.landis-ii.org



LANDIS-IT Simulates Succession

» An emergent property of species life-history attributes, disturbance, and
dispersal

» No single pathway

» Responds dynamically to climate change, introduced species, novel
disturbance regimes, etc.

Example cohort

Paper Birch White Spruce

L 21-30 years old

5 Mg ha




Life History Attributes

» Life history attributes can include chemical and
physiological properties.

LandisData Species

B3 Sexual Shade Fire Seed Disp Dist Veg Sprout Age Post-Fire

3> Name Long Maturit Tol. Tol. Effecti Maximum Rep P Min Max Regen

> e —emm mmmmmm memeeem oo R
BlackSpruce 208 3@ 4 1 28 08 %] ] B serotiny
WhiteSpruce 258 38 3 2 68 408 8 e B none
PaperBirch 288 15 2 1 68 288 8.6 1 75 resprout
Quakinglspen 200 18 1 1 588 5888 8.9 1 208 resprout
Tamarack ls@ 15 1 1 63 200 8 a <] none
Willow 78 2 2 2 58 5888 8.9 1 78 resprout
Alder 78 4 3 2 58 188 8.6 1 78 resprout
BalsamPoplar 200 8 1 3 288 Jeee 8.8 1 208 resprout

USDA-NRCS




LANDIS-IT Simulates Disturbance

» Fire, wind, harvesting, insects,

BB
fuels management, drought... FT 2
» Disturbance events are Y
stochastic and dependent upon
probabilities
» Disturbances overlap in space S < “5."
and time Disease -

Spatially Interactive
Landscape




Spatially Explicit and Spatially Dynamic
(...though not always)

H LANDIS-II LANDSCAPE
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User Determined Complexity

LANDIS-II has a Core and many extensions.

There can be many different extensions for each process:
different questions = different extensions. Extensions have

varying degrees of complexity.

Biomass
Succession

CORE Reclassify
o Output

Raw Output

Succession
Extensions

=

A scenario has
only one

Always includes
aboveground
dynamics

Can include below
ground C/N

dynamics

Output
Extensions

=

A scenario has
none or many

Generates maps
and/or tables

Disturbance
Extensions

=

A scenario has
none or many

Generates maps
and summary
tables




Fast Model Evolution

Extensions are open source and easily modified.
extensive documentation at multiple levels

Scientists can download extension code and tweak or
rewrite as necessary

> C f [ wwwlandis-iiorg/home

I.AN DIS-II

Install  Extensions  Public Users = Meetings Developers Blog AboutUs Sitemap

The LANDIS-II Forest Landscape Simulation Model




Characterizing shifts in
species composition and

C source/sink status due
to fire and climate change

Lucash, Buma, Link, Romanovsky, Vogel, Nicolsky, Scheller



Unified Ecoregions of Alaska
‘Source: Nowacki, G.. P. Spencer, T. Brock, M. Fleming, and

T. Jorgenson. 2001. Ecoregions of Alaska and neighboring territory

(map). U.S. Geological Survey, Reston, VA.
http://agdc.usgs.gov/data/projects/fnm/akecoregions jpeg.

The boreal forest is the
world’s largest terrestrial
biome and holds an
estimated 30-50% of the
global stocks of forest
carbon

(...and we are probably
underestimating this)
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Map created by Shane T Feirer, The Nature Conservancy in Alaska, August 2004






Boreal forests of Interior Alaska

» In Alaska, 30-40% of the area is considered boreal forest,
with black spruce being the most common boreal forest

type

» Typical forest types:

» Black spruce forests on north-facing slopes (often underlain by
permafrost)

» Black spruce bogs (often underlain by permafrost)

» White spruce, birch, and aspen on warmer, south-facing slopes




Alaska and Fire

» Fire plays a key role in maintaining black spruce on the
landscape

» Black spruce is well adapted to regenerate following fire
» Has several competitive advantages over other (deciduous) species
» serotiny

» shallow roots

» germinates on organic soils

Historically wildfires took place every 50-150 years

Fire-free periods allowed adequate time for those species
which were dominant prior to fire to reestablish and grow to
reproductive maturity

» ~30 years for black spruce
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Alaska Fire Trends

Fires in Alaska since 1970
250

200+

-t

(6]

o
|

Number of Fires
[ oo )
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501

1970 1980 1990 2000 2010
Year

Number of
Fires over
5000 ha

Number of Fires Since 1940
0




Fire, CC and Permafrost

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 108, NO, DI, 8148, doi:10.10292001JD0O0043%, 2003

Impacts of wildfire on the permafrost in the boreal forests of
Interior Alaska

Kenji Yoshikawa,' William R. Bolton,' Vladimir E. Romanovsky,” Masami Fukuda,’
and Larry D. Hinzman'
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AST) averages.







are the mechanis

Black Spruce

1 L T

b

Fire returns before black spruce is sexually
mature

Organic layer thickness declines with more
fire, removing spruce competitive advantage
to establish

Average Number of Stems Per Plot

Permafrost thawing allows for greater rooting
depths, removing spruce’s competitive
Nilirbar otFiras advantage to persist long-term



A new extension for Alaska
DGS: DAMM-McNiP, GIPL and SHAW

Marshall et al. in prep

Daily climate inputs (LANDIS-II)

Snow depth (SHAW)

Vegetation species
ages (LANDIS-II)

Soil moisture
at multiple depths
(SHAW)

Spatial resolution Soil temperature
LANDIS-II/DAMM: 4-ha grid at multipﬁe depths

SHAW/GIPL: THUs . (GIPL)
© Burned
© Mature hardwood
@ Mature black spruce




MODEL INPUT DATA
AND SOURCES

Species composition map,
created using:

* Forest Inventory Analysis dataset
for Interior AK

* Alaska Center for Conservation
Science vegetation wetland
composite map

* Digital Elevation Map

Climate regions map & modeled climate data using:

SNAP historic and projected dynamically downscaled
climate data at 20 km resolution
* Temperature
* Precipitation
* Wind speed and direction
* Relative Humidity
* Shortwave Radiation

Soil maps from
STATSGO, including:

* Depth

* Texture
* Carbon
* Nitrogen
* Drainage



- ]
. s
N I
v
1 . -
. .
e :
< N
. ..
ko " h
¥ 3
' - p P
L »
. .
-
. o
- W -
. -
- “
v N - "
L ’
= .
i N .
- L .
i - N
.

T=29 Fires




1.00+

0.731

Proportion of Cells

&
oy
-

0.25-

Conifer at start

2 =L o 2
~ oo N
m oo O

0.00-

Deciduous at start

Dominant Cover Types Over Time Following One Fire

Al étart 25 yéars a0 yéars [ yéars
Time Since Most Recent Fire

Dominant_Cover_Type

. Conifer dominant

. Deciduous dominant
. MNonforested



1.00+

0.731

Proportion of Cells

&
oy
-

0.25-

Conifer at start

2 =L o 2
== o O M N
m oo O

0.00-

Deciduous at start

Dominant Cover Types Over Time Following Three Fires

Al étart 25 yéars a0 yéarg 7o yéarg
Time Since Most Recent Fire

Dominant_Cover_Type

. Conifer dominant

. Deciduous dominant
. MNonforested

.....
.......



Biormass (g/m2

Times Burned

Black Spruce and Paper Birch Biomass 25 Years Post-fire(s)

species

. blackspruce
I:I paperkbirch

Biormass (g/m2)

Times Burned

Black Spruce and Paper Birch Biomass 65 Years Post-fire(s)

species

. blackspruce
I:I paperkbirch




This work is ongoing! We are working on..

» A more complete representation of species composition
» Using the fully coupled DGS extension to LANDIS-II

» Comparing trends under historic climate versus RCP 8.5 CC scenario
» Modeling dynamic fire with SCRPPLE- make fire responsive to CC

» Investigating spatial patterns and changes in carbon source/sink
status




My Takeaways about Simulation
Modeling (with LANDIS-II)

» Know your question
» Are you using the right tool?
» Can/should the tool be adjusted?

» Know your system (or the people who do...)

» Modeling is done best when it’s collaborative

» Get comfortable working with messy data
» Understand the limitations

» Understand what is ‘emergent’ vs. ‘prescribed’




Thank youl!
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